INTRODUCTION
The cAMP signaling pathway appears to be essential in rodents for triggering sustained enhancement of synaptic transmission and for consolidation of spatial information into long-term storage. We and others have observed changes with aging in forms of hippocampal long-term potentiation (LTP) that are mediated by the cAMP signal transduction pathway. These include agerelated changes in late-phase LTP, 1 changes in "AC-LTP" 2 and "chemLTP" 3 induced by adenylate cyclase stimulation followed immediately by application of Mg ++ -free artificial cerebrospinal fluid (aCSF). ChemLTP, first characterized by Mahkinson et al., 4 requires the concomitant activation of the cAMP pathway and NMDA receptors, whereas either signaling pathway alone fails to produce persistent potentiation. 2 In hippocampal slices prepared from young adult rats, chemLTP is robust and long-lasting, whereas it is significantly attenuated in slices from aged rats. 3, 5 Thus, nonpathological aging results in significant changes in synaptic plasticity.
Alzheimer's Disease (AD) is characterized by the accumulation of senile plaques and neurofibrillary tangles in affected brain regions, particularly the hippocampus. The senile plaques are composed largely of ␤-amyloid peptide (A␤), a 39-42 amino acid peptide cleaved from amyloid precursor protein (APP) by the action of ␤-and ␥ -secretases. A␤ 25−35 is the shortest fragment of A␤ 1−42 needed for amyloid formation. 6 At low (nM) concentrations, it has been shown to inhibit tetanus-induced LTP both in vivo 7, 8 and in vitro. 8, 9 The A␤ disruption of synaptic plasticity may be due to alterations in calcium homeostasis, [10] [11] [12] the PKA/CREB pathway, 13 or other signaling pathways. In this study, we have examined the effects of A␤ 25−35 on chem LTP produced by ␤-adrenergic receptor or adenylate cyclase stimulation, followed immediately by application of Mg ++ -free aCSF. A␤ 25−35 was applied for a short time (20 min) at a concentration (200 nM) that affects synaptic function in the absence of neurotoxicity. 6 
METHODS
Fischer 344 rats were obtained from Simonsen Laboratories and hippocampal slices from young (6-week-old) adult male rats were prepared as previously described.
14 A single slice was placed in a recording chamber, where it was submerged and superfused continuously at a rate of 3-4 mL/min with artificial cerebrospinal fluid (ACSF) containing (in mM): NaCl, 119; KCl, 2.5; MgCl 2 , 1.3; CaCl 2 , 2.5; NaH 2 PO 4 , 1.0; NaHCO 3 , 26.2; and glucose, 11. This solution was gassed with 95% O 2 /5%CO 2 , bringing it to pH 7.4. To induce LTP, 4 magnesium was not added to the ACSF and CaCl 2 was increased to 10 mM. Extracellular recording electrodes were placed in stratum radiatum, and stimulating pulses (0.1 msec duration) were delivered to the Schaffer collateral-commissural fibers via concentric tungsten electrodes. Signals were amplified, filtered, and measured as described by Reis et al. 2 In all experiments, manipulations were made only after stable responses had been obtained for at least 20 min. LTP was induced by applying isoproterenol (ISO; 1 M) or 
RESULTS AND DISCUSSION
To determine whether A␤ 25−35 had any effect on basal synaptic transmission, we compared the initial slopes of extracellular excitatory postsynaptic potentials (EPSPs) before and after the perfusion of A␤ 25−35 (FIG. 1) . This application did not have any significant effect on the observed responses (101.2 ± 2.9% without peptide, 95.6 ± 4.4% 15-20 min after peptide treatment; P > 0.05). Similarly, the reverse (control) peptide A␤ 35−25 had no effect on basal synaptic transmission (FIG. 2) . We also examined the effects of A␤ 25−35 and A␤ 35−25 on ISO-chemLTP. In the presence of the reverse A␤ 35−25 peptide, we observed a persistent increase in the EPSP slope that was more than twofold greater than the baseline (pre-ISO) responses (FIG. 2) . In contrast, pretreatment with A␤ 25−35 completely blocked ISO-chemLTP; as in the control experiments, there was a robust increase in EPSP slope following treatment with 
0Mg
++ / 10 mM Ca ++ aCSF, but this increase did not persist (FIG. 2) . Similarly, we failed to observe FSK-chemLTP in the presence of A␤ 25−35 , whereas in its absence FSK-chem LTP is significantly greater and very stable for at least 1 h (FIG. 3) or more following the switch from 0 Mg ++ / 10mMCa ++ to normal aCSF.
These results show that A␤ 25−35 disrupts a cAMP-mediated form of LTP. This may be due to inhibition of protein kinase A (PKA) activity by A␤ 25−35 , as shown by Vitolo and colleagues 13 with A␤ 1−42 ; this may involve the persistence of the regulatory subunit of PKA, RII␣. 13 Alternatively or in addition, the inhibition of chemLTP may be due to the ability of A␤ 25−35 to alter calcium dynamics, 8, 10, 11 calcineurin activity, 12 and/or NMDA receptor function 12 in the postsynaptic cells. The chemical means of inducing LTP here is advantageous in that the majority of synapses in a slice, rather than a small minority, are potentiated. This will allow us to further investigate the ways in which A␤ 25−35 and other ␤-amyloid peptides and nonpathological aging affect intracellular signals, such as second messenger levels and protein phosphorylation, which are necessary for synaptic plasticity and intact cognitive function. 
